INTRODUCTION
Thiram (tetramethylthiuram disulfide), a fungicide of dimethyldithiocarbamate (DDC) group, is used in the natural or synthetic rubber and plastic industries and also against fungal diseases of cereals, fruits, vegetables and seeds in agriculture1,2). Thiram is a white crystalline solid compound insoluble in water but soluble in most of the organic solvents. It is stable under normal conditions, but decomposes in the presence of moisture and heat3).
The acute oral LD50 value in rat reported by Worthing3) for thiram ranges from 450-865 mg/kg, Lee et al.4) has reported acute oral LD50 in rat as 4 g/kg. The acute oral LD50 value in rat has been calculated as 1071 mg/kg in our laboratory5). The long term toxicity, mutagenicity and teratogenicity of thiram in laboratory animals have been reviewed4,6,7). The lack of information on the effect of thiram on male reproduction has prompted us to undertake the present work to know the structural and functional changes in testes of rats. Biochemical studies Freshly removed testes were washed free from extraneous material using chilled saline and homogenized in 0.25 M ice cold sucrose solution (10% w/v) in a Potter-Elvehjem type homogenizer. The homogenates were centrifuged at 700 x g for 10 min and the supernatants were used for the estimation of enzymes. Activities of alkaline phosphatase (ALP EC 3. 1. 3. 1) and acid phosphatase (ACP EC 3. 1. 3. 2) were estimated by the method of Wootton8). Lactate dehydrogenase (LDH EC 1. 1. 1. 27) activity was assayed following the method of Bergmeyer and Bernt9). The activity of succinate dehydrogenase (SDH EC 1. 3. 99. 1) and glucose 6-phosphate dehydrogenase (G-6-PDH, EC 1. 1. 1. 49) were estimated by the methods of Slater and Bonner10) and Zaheer et al11). The free sialic acid content was estimated using the procedure of Amminoff12). Serum separated were used for the analysis of cholesterol by the method of Zlatkis et all13). Statistical significance between experimental and control values were calculated according to Fisher's student 't' test14).
MATERIALS AND METHODS

RESULTS
Male rats exposed to different dose levels of thiram (5, 10 and 25 mg/kg/d) for a period of 90 days showed signs of toxicity such as diarrhoea, salivation, nasal bleeding and mild ataxia in a dose dependent manner. A total of 5, 7 and 8 rats died in thiram exposd animals dosed 5, 10 and 25 mg/kg/d respectively during a period of 90 days. Body weight gain in rats exposed to thiram at doses 5, 10 and 25 mg/kg/d was 2.5, 2.39 and 2.13 fold respectively in comparison to control (2.5 fold) ( Table 1) .
The testes body weight ratio, i.e., gonadosomatic index (GSI), of animals exposed to thiram was slightly increased (p < 0.05-0.02) on 30, 60, and 90 days at 25 mg/kg/d and 60 and 90 days at 10 mg/kg/d dose level (Fig.1) . Similarly, the liver body weight ratio too was increased but the other vital organs did not show any change in their organ body weight ratio. Histopathological studies The testes of animals treated with thiram (25 mg/kg/d) for a period of 90 days showed mild pathological changes. The close observation has shown that thiram produced degeneration of few seminiferous tubules. This included necrosed spermatogenic cells and inactive sperms.
The interstitial space was increased and filled with oedematous fluid (Figs. 2,3 ).
Biochemical studies
The testicular enzyme activity in animals given thiram (5,10 and 25 mg/kg/d) for 3, 60 and 90 days is shown in Figs. 4-7 . Testicular enzymes such as alkaline phosphatase, acid phosphatase, lactate dehydrogenase, succinate dyhydrogenase and glucose-6-phosphate dehydrogenase have shown mild to significant alterations. While the activity of succinate dehydrogenase and acid phosphatase were found to be inhibited (p < 0.05-0.001), the activity of alkaline phosphatase, glucose 6 -phosphate dehydrogenase and lactate dehydrogenase were increased (p < 0.05-0.001). The testicular free sialic acid and serum cholesterol content were also increased (p < 0.01-0.001) in animals dosed thiram (5, 10 and 25 mg/kg/d) for 30, 60 and 90 days. Moderate tubular degeneration and other pathological changes in testes of rats were also reported in thiram exposed rats and mice4, 23).
Similarly, in the present study thiram exposed to rats has been found to produce mild pathological changes in testes. Zineb as high as 1000 mg/kg/d for 30 days produced testicular damage in rats25). Dose dependent changes in testicular weight, tubular degeneration and reproductive impairment have been observed in animals treated with thiram4, 23, 24) . It is significant to note that thiram at dose level of 25 mg/kg/d to rats for 90 days produced increase in testicular weight along with mild testicular pathological changes (reproductive studies are not done here). The fungicide has significantly increased the activity of LDH, G-6-PDH, ALP and reduced the ACP in testes of rats exposed to thiram. It is well known that alteration in testicular enzyme functions as an indicator of testicular injury15-21). Changes in serum enzyme activity of GOT, GPT and BUN have been reported in rats treated with thiram for 13 week4). Succinate dehydrogenase (SDH), a key enzyme of energy synthesis in Kreb's cycle, is found to be inhibited in present study. Maneb, a fungicide of ethylene bis-dithiocarbamate, which was given to rats for four months have shown changes in the activity of LDH isoenzyme in testes22). The alteration in testicular enzyme activity along with increase in testicular weight and mild pathological changes seems to suggest the initiation of testicular damage. The enhanced level of serum cholesterol in the present study appears to influence the steroidogenic process of leydig cells indicating the testicular dysfunction in animals. Maneb, zineb and mancozeb exert a dose-dependent damaging effect on the gonads of rats of both sexes. Both the germinative and endocrinoactive structures were damaged26). It may be concluded that exposure of low dose of thiram (25 mg/kg/d) to male rats for 90 days is suggestive of structural and functional changes in testes.
